Introduction: Open aortic aneurysm repair (AAA) repair can be resource intensive and associated with a prolonged length of stay (LOS). We sought to examine patient and aneurysm predictors of prolonged LOS to better identify those at risk in the preoperative setting. Methods: Patient data were obtained from the targeted AAA American College of Surgery National Surgical Quality Improvement Program database from 2012 to 2014 of patients undergoing open AAA repair. Multivariable logistic regression was used to determine predictors of prolonged postoperative LOS defined as greater than 10 days (75th percentile). Results: There were 1172 open AAA repairs identified. The majority (54%) of patients were older than 70 years and male (74%). Surgical approach was transperitoneal (70.9%) and retroperitoneal (29.1%). Aneurysms were 51.4% infrarenal, 33% juxtarenal, 5.7% pararenal, 7.4% suprarenal, and 2.5% type IV thoracoabdominal. Mean and median LOS were 9.1 + 7.4 and 7 (0-72) days, respectively. Independently associated with extended LOS factors were visceral revascularization (odds ratio [OR]: 5.32, 95% confidence interval [CI]: 2.77-10.22, P < .001), type IV thoracoabdominal extent (OR: 3.09, 95% CI: 1.01-9.46, P ¼ .048), suprarenal extent (OR: 1.89, 95% CI: 1.07-3.34, P ¼ .029) and juxtarenal (OR: 1.43, 95% CI: 1.01-2.02, P ¼ .004), non-Caucasian race (OR: 2.80, 95% CI: 1.77-4.41, P < .001), chronic obstructive pulmonary disease (OR: 1.76, 95% CI: 1.20-2.59, P ¼ .004), notfrom-home admission (OR: 1.91, 95% CI: 1.13-3.24), and age greater than 70 (OR: 1.49, 95% CI: 1.08-2.05, P ¼ .014). Conclusion: We identified patient and aneurysm characteristics independently associated with protracted LOS following open AAA repair. Prospective identification of high-risk patients may allow physicians and hospitals to engage in multidisciplinary collaborations preoperatively to try to improve LOS in this resource-intensive population.
Introduction
In the current health-care system, there is a constant struggle to find a balance between improving hospital efficiency while providing best possible patient care. This motivation is in part due to constantly increasing hospital costs and also from the Medicare prospective payment system, closed-system accountable care models, and diagnosis-related group-based third-party payments. 1, 2 The average hospital length of stay (LOS) is a metric commonly used to measure a hospital's efficiency. 3 Early hospital discharge has been shown to be associated with significant hospital cost savings without an apparent increase in morbidity or mortality rates. 4 Prospectively identifying factors associated with a prolonged hospital LOS in the preoperative patient, especially in high-resourceutilizing patients, can allow for intervention and possibly improvement.
Even though elective open abdominal aortic aneurysm repair (AAA) has become less common and with volumes decreasing to 7% of all AAA repairs, many patients still undergo this operation and it is associated with high resource utilization. 5 Previous efforts to look at LOS after open AAA are limited by single-center reviews, limited number of patients, and occurred early in the era of endovascular repair. [6] [7] [8] In order to further our understanding and identify other factors that affect The objective of our study was to examine patient and aneurysm predictors of prolonged LOS to better discern patients at risk and attempt to identify potentially modifiable factors. This information could help health-care providers identify patients most at risk of increased LOS and potentially minimize the number of days these patients spend in the hospital, which would in turn help minimize hospital cost. We used the American College of Surgery National Surgical Quality Improvement Program (ACS NSQIP) targeted open AAA database for this analysis, as it contains a large number patients from across the United States undergoing open AAA and contains patient demographics, comorbidities, and aneurysm details.
Methods
The ACS NSQIP is a national, multi-institutional, prospective data set created to review surgical outcomes. More than 600 community and academic medical centers currently participate in the program. Patient demographics and comorbidities are recorded. The targeted open AAA database also provides aneurysm-specific details. A dedicated surgical clinical reviewer at each site collects and enters preoperative comorbidity data as well as a comprehensive list of operative and perioperative data points through hospital records, clinic visits, and follow-up contact over the phone. The 30-day/inpatient postoperative outcomes both during and after hospitalization are also recorded in the database. 10 We identified all patients undergoing open AAA repair performed by vascular surgeons from 2012 to 2014 in the ACS NSQIP-targeted open AAA database Participant Use Data Files. Institutional review board approval was obtained and patient consent was waived.
Patients undergoing nonruptured elective open AAA were identified by Current Procedural Terminology (American Medical Association, Chicago, Illinois) coding for the primary procedure within the NSQIP data set. Demographic data, comorbidities, aneurysm details, and outcomes were assessed. Aneurysm extent is a self-reported variable by the reporting institution. Data on clamp location are available. However, we did not include it in the multivariable model due to it being a major confounder for aneurysm extent in the model, it being unclear the duration of the clamping or if it was move to another location during the case, and because we are basing our model on preoperative assessment and factors and clamp location is not necessarily clear preoperatively and can often be an intraoperative decision. Congestive heart failure (CHF) is defined in NSQIP as newly diagnosed CHF within the previous 30 days or a diagnosis of chronic CHF with new signs or symptoms in the 30 days prior to surgery. Chronic obstructive pulmonary disease (COPD) is defined as patients with COPD, including emphysema and/or chronic bronchitis, resulting in either functional disability, past hospitalization for treatment, need chronic bronchodilator therapy with oral or inhaled agents, a forced expiratory volume in 1 second of <75% of predicted. Dyspnea is defined as if the patient self-describing difficult, painful, or labored breathing.
Statistical Analysis
Postoperative LOS in this sample of patients was evaluated and classified as prolonged (greater than 10 days) or not prolonged (up to 10 days) based on the 75th percentile. Patient characteristics were described using counts and percentages overall and in the LOS subgroups. Unadjusted logistic regression was used to evaluate individual associations between each patient/ procedure characteristic and prolonged LOS. All characteristics, significantly (at 0.2 level) associated with prolonged LOS, were considered in full prediction model. These factors included age, race, admission, dyspnea, hypertension, COPD, CHF, dialysis, proximal and distal aneurysm extent, and renal and visceral revascularization. Multivariable logistic regression was used to determine predictors of prolonged LOS. The full model was reduced to the parsimonious model using backward elimination procedure with 0.5 level to keep in the model. The final model fit was assessed using the Hosmer and Lemeshow w 2 test, whereas model discrimination was characterized by the area under the curve statistic. All analyses were conducted using SAS 9.3 software (SAS Institute, Cary, North Carolina) with statistical significance defined as P < .05.
Results
There were a total of 1172 open AAA repair which met inclusion criteria. Of all, 871 (74%) patients had postoperative LOS 0 to 9 days and 301 (26%) patients had postoperative LOS 10þ days. The mean (standard deviation [SD] ) and median (range) of LOS were 9.1 (7.4) and 7 (0-72), respectively. The majority of patients was older than 70 years (54%), male (74%), Caucasian (88.8%), current or ex-smokers (46.8%), and diagnosed with hypertension (81%). Most were admitted from home (92.7%) and functionally independent (98.1%; Table 1 ).
Surgical approach was classified as transperitoneal (70.9%) or retroperitoneal (29.1%). Proximal aneurysm extent was 51.4% infrarenal (IR), 33% juxtarenal, 5.7% pararenal, 7.4% suprarenal (SR), and 2.5% type IV thoracoabdominal. Distal aneurysm extent was 49.4% aortic, 41.5% common iliac, 5.4% external iliac, and 3.7% internal iliac. Revascularization was 12.5% renal and 4.4% visceral ( Table 2 ). Clamping distribution was IR (50%), SR, below superior mesenteric artery (20.2%), above 1 renal (18.9%), and supraceliac (10.9%).
Univariable analysis showed extended postoperative LOS was associated with age greater than 70 (P < .001), non-Caucasian race (P ¼ .001), admission not from home (P ¼ .002), dyspnea (P ¼ .012), hypertension (P ¼ .016), COPD (P < .001), CHF (P ¼ .036), proximal aneurysm extent (P ¼ .009), and visceral revascularization (<.001; Tables 1 and 2) .
Multivariable logistic regression identified factors that were independent significant predictors of extended LOS. Overall, model fitted the data well (Hosmer-Lemeshow P ¼ .819) and had moderate discriminative value (C ¼ 0.689). Visceral 
Discussion
In this analysis, 1172 patients undergoing open AAA repair were noted to have prolonged postoperative LOS, defined as greater than 10 days (>75th percentile). Preoperative patient characteristics that contributed to extended LOS include advanced age, non-Caucasian ethnicity, and COPD. Extent of aneurysmal disease and concomitant renal or visceral revascularization was also associated with increased LOS.
Preoperative patient characteristics that increase LOS are usually not modifiable but can help predict patient LOS. Our findings are consistent with studies in published literature where advanced age and COPD were noted to increase patient LOS after open AAA. 6, 11 To our knowledge, the finding that patients of non-Caucasian ethnicity undergoing open AAA have an increased LOS has not been previously described.
Advanced age has been associated with prolonged LOS in various operative settings. In 1 report, it was noted that increased age correlated with prolonged LOS among approximately 5000 patients who underwent general surgery. 12 Another study found that patient age >70 years was predictive of increased LOS after IR aortic surgery. 13 Elderly patients have Abbreviations: BMI, body mass index; CHF, congestive heart failure; LOS, length of stay; SD, standard deviation.
a higher incidence of comorbid ailments, and home support systems are commonly not available when these patients are ready for discharge. 7, 10 In order to decrease LOS, physicians can work alongside interdisciplinary geriatric teams to help manage any patient comorbidities and coordinate adequate discharge planning.
Patients of non-Caucasian ethnicity were found to have increased LOS after open AAA repair even though AAA is more prevalent among non-Hispanic Caucasians. This is consistent with other reports of non-Caucasians being at higher risk of morbidity and increased resource utilization. [14] [15] [16] [17] Chronic obstructive pulmonary disease is another preoperative factor predictive of prolonged LOS after elective open AAA. The UK Small Aneurysm Trial reported that preoperative lung disease was a contributor to prolonged LOS in patients undergoing elective open AAA.
14 In 1 study, COPD had a negative effect on mortality, pulmonary complications, and major postoperative adverse events. Another found patients with COPD undergoing major vascular surgery to have prolonged LOS. 15 As such, it is important to stress the need of preoperative evaluation and careful postoperative monitoring of patients with COPD undergoing elective open AAA. It is also vital to involve other services, such as pulmonology, early on to care for and address any issues that may arise in patients with COPD.
Not-from-home admissions include patients admitted from nursing homes or assisted living facilities. Nursing homes are long-term care facilities that offer extensive nursing services for residents. These individuals are prone to acute illness due to their advanced age, underlying illnesses, and immobility. 16 Assisted living is a residential option that offers seniors secure housing, personal support, and limited health care, while promoting autonomy and privacy. It was found that individuals who are admitted not-from-home and undergo open AAA have prolonged postoperative LOS. Given their need to reside in long-term care facilities or assisted living, these patients are more likely to have various comorbidities that would complicate their hospital course and consequently increase their stay in the hospital. As such to our knowledge, the link between increased LOS and patients that are notfrom-home admissions has not been studied in the current literature.
Suprarenal AAA, juxtarenal AAA, and type IV thoracoabdominal aneurysms were associated with an increased LOS for patients undergoing open AAA. The majority of AAAs are IR which, in the operating room, allows for IR aortic control. Conversely, open repair of juxtarenal AAA, SR AAA, and type IV thoracoabdominal aneurysms requires the placement of a SR cross-clamp. In the current era, most centers are repairing IR AAAs utilizing endovascular options. However, surgeons tend to perform open AAAs in patients who require more complex repairs, which includes procedures that involve SR cross-clamping. Due to the involvement of visceral and/or 17 One study found that LOS (12.6 vs 10.7 days) was higher in patients with SR crossclamping for open AAA. 16 Another stated that juxtarenal aortic disease was a factor that predicted prolonged LOS. 8 In our study, SR AAAs, juxtarenal AAAs, and type IV thoracoabdominal aneurysms were associated with increased patient LOS. These aneurysms can often be assessed during preoperative planning on computed tomography scan and thus be identified prospectively. These are not modifiable variables but can further be used to risk stratify for prolonged LOS for prospective preparation or for retrospective analysis.
The current study contains some inherent limitations. First, the database analysis is retrospective in nature and therefore has all the associated limitations of a retrospective study. Also, given that the NSQIP was originally intended as a quality improvement tool in order to compare institutions' individual outcomes with a national benchmark, it is not comprehensive; it does not contain every patient characteristic, every intraoperative variable, or postoperative occurrence. We limited our analysis to preoperative variables; however, this was intentional to identify patients based on preoperative factors and not on postoperative complications confounding the analysis. There is an inherent lack of information on social and racial issues that may ultimately affect data analysis. Furthermore, the overall location of the aneurysm was known but the lack of imaging results in the inability to appreciate any nuances anatomical data may provide, which ultimately could have an effect on patient LOS. We do not have data about transfers, which could be another reason why not being admitted from home is associated with LOS as a transfer may be a marker for a more complex aneurysm; however, we did remove ruptures and do have aneurysm extent in the model.
Conclusion
Preoperative risk factors for protracted LOS following open AAA include advanced age, non-Caucasian ethnicity, those not living at home, SR aneurysms, juxtarenal aneurysms, type IV thoracoabdominal aneurysms, and visceral revascularization. Prospective identification of these high-risk patients may allow physicians and hospitals to engage in multidisciplinary collaborations preoperatively in an effort to lower patient LOS and hospital costs while providing high-quality health care to their patients. This also provides an evidence base for retrospective analysis of appropriate LOS after open AAA operations.
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